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biopsy will receive a diagnosis of prostate cancer [6] . Researchers have proposed various practical PSA parameters, namely PSA velocity, PSA density and percentage free PSA, to improve the performance of PSA. Another recent strategy has been to construct simple nomograms based on readily available parameters such as the above PSA parameters, age, prostate volume and TRUS findings. This would allow patients to be informed of their actual probability of having prostate cancer and thus aid both the physician and patient in deciding whether or not to pursue an initial and, even more critically, a repeated prostate biopsy.
We undertook this study to determine the detection rate of prostate cancer in patients undergoing prostate biopsy in Kuwait. We also determined the detection rate based on age, prostate volume, PSA level and number of diagnostic tools with abnormal findings to determine the feasibility of developing nomograms for this region.
Subjects and Methods
A total of 153 men who underwent TRUS-guided needle biopsy of the prostate between January 2003 and January 2008 formed the study group. Patients undergoing repeat biopsies were excluded from the study. All patients were suspected to have prostate cancer based on an elevated PSA (more than 4.0 ng/ml). A careful DRE was done in all patients; suspicious findings included induration, asymmetry or irregularity.
TRUS was done using a Voluson (General Electric Vivid 3) ultrasound machine equipped with a transrectal 5-to 8-MHz curvilinear transducer. The transducer design includes 360-degree radial scanners paired with an end viewing transducer for multiplanar imaging in semicoronal, sagittal and axial projections. Presence of any sonographic suspicious lesions (hypoechoic areas in the posterior peripheral zone) was noted. A mid-transverse view of the prostate was obtained, and the volume was determined using the software program in the ultrasound machine called 'Vocal'. Volume was determined assuming the prostate to be elliptical in shape and using the formula (width ! length ! height ! 0.523). Lesion-targeted and/or random biopsies were performed using 4-dimensional TRUS guidance with an automatic core biopsy device (Bard Magnum biopsy instrument) and an 18-gauge core tissue biopsy needle (Bard Magnum). The biopsy specimens were put in separate containers with 10% formaldehyde and were evaluated by several experienced pathologists.
Records of all the patients were reviewed and the following variables were studied: age, presentation, DRE findings, volume of the prostate gland, PSA levels, TRUS characteristics and histopathological findings. The overall prostate cancer detection rate was determined. The patients were grouped according to: age, ! 55, 56-65, 66-75 and 1 76 years; volume of the prostate gland, ! 30, 31-50, 51-70 and 1 71 g; PSA level, 4-10, 10-20, 20-100 and 1 100 ng/ml; and the number of diagnostic tools with abnormal findings, 1, 2 and 3. The detection rate in all the subgroups was noted.
Data were analyzed using the computer statistical program SPSS (version 15). To determine the differences in the various parameters, t test and analysis of variance were used when appropriate. In addition, a post-hoc test (Scheffé) was performed as pairwise comparison between different groups. Statistical significance was at 0.05.
Results
The mean age of the study population was 65 years. Presentation was obstructive urinary symptoms in 122 (79.8%) patients and retention of urine in 31 (20.2%). Since we do not have an active screening program, there were no asymptomatic patients. The average number of biopsy cores was 6.83 (range 6-12). Of the 153 patients, a diagnosis of prostate cancer ( fig. 1 ) was histologically confirmed in 42 (27.4%) patients. In the remaining 111 (72.6%) patients, the diagnosis was benign prostatic hyperplasia ( fig. 2 ) and was associated with prostatitis in 46 patients. The characteristics of the study group are shown in table 1 . Men with prostate cancer ( 6 70 years) were older than men with benign disease ( 6 63 years) and also had a higher total PSA level (153 vs. 15.17 ng/ml). The average prostate volume was lower in the men with prostate cancer. There were no significant differences in the nature of presentation.
The observed prostate cancer rates for each variable are given in the following tables: age in table 2 , PSA level  in table 3 , prostate volume in table 4 , and number of tools with abnormal findings in table 5 . The detection rate increased with increasing PSA level (from 11.8 to 83.3%), age (from 16.7 to 40.7%) and decreasing prostate volume (from 18.2 to 42.9%). When only 1 of the 3 diagnostic tools (DRE, PSA, TRUS) was abnormal, the detection was 15.6%. The detection rate increased to 27.9% when 2 of the tools were abnormal and further increased to 80% when all 3 were abnormal ( table 5 ). The higher detection rate with increasing PSA level and higher number of diagnostic tools with positive results was statistically significant (p ! 0.01). The higher detection rate with increasing age and increasing prostate volume was not statistically significant (p ! 0.01).
Discussion
With the widespread use of PSA, the incidence of prostate cancer is increasing worldwide. However compared to the Western countries, the incidence in Arab men is lower [1] [2] [3] [4] [5] . In this study, the overall detection rate of prostate cancer in patients with elevated PSA levels was 27.4%. The detection rate in patients with PSA levels between 4 and 10 ng/ml was 11.8%, which is slightly lower than the 15.8% rate reported in Japanese and Korean men [3, 7] , and much lower than the 25-35% rate reported in American men [8] [9] [10] [11] . In patients with PSA levels more than 10 ng/ml also, our detection rate of 40% is lower than the 59.5% rate reported in Korean and Japanese men, and the 67% rate reported in American men [3, 11] . The reason for a lower incidence of prostate cancer in Kuwaiti men has been suggested to be due to low circulating androgens and their adrenal precursors when compared to Caucasians [12] . Therefore it seems that prostate can- cer differs epidemiologically and biologically between different ethnic groups. Prostate cancer screening with PSA is considered a sensitive way to identify men at risk of prostate cancer, but it cannot distinguish those who have an elevated PSA level but who are not at risk. Studies have shown that on average PSA values 1 4 ng/ml can occur in 27% of men with benign disease, such as benign prostatic hyperplasia, and this lack of specificity results in the performance of many unnecessary biopsies [9, 13, 14] . In order to reduce this, several practical PSA parameters such as agespecific reference ranges, PSA density, PSA velocity, free/ total PSA and p53 antibody have been suggested to improve the specificity [15, 16] . However, it seems that PSA provides little predictive value for an individual patient in deciding whether or not to pursue an initial and, even more critically, a repeated biopsy. In order to address this issue, efforts have been made to develop predictive models for the risk of prostate cancer using clinical, laboratory and ultrasound parameters. Garzotto et al. [17] developed a nomogram to predict the presence of prostate cancer using age, PSA density, DRE and TRUS findings in patients with intermediate PSA levels. Carlson et al. [8] developed an algorithm combining age, total PSA and percentage of free PSA. Other groups also showed that nomograms using age, prostate volume, PSA and DRE may be used successfully for predicting the risk of prostate cancer [18] [19] [20] . Using these nomograms, the decision to proceed with, or defer, a prostate biopsy can be based on the actual likelihood of having prostate cancer discovered rather than a single PSA-based cutoff point. As was seen earlier, prostate cancer differs epidemiologically and biologically between different ethnic groups. It follows that nomograms developed in Western countries may not be directly applicable to our population in whom the incidence of prostate cancer is lower.
An analysis of the clinical parameters of patient age, volume of prostate, PSA level and number of diagnostic tools with abnormal findings showed that increasing age, smaller prostate volume and higher PSA were associated with a significantly higher incidence of prostate cancer ( tables 2-5 ). Also, the higher the number of diagnostic tools (PSA, DRE, TRUS) with abnormal results, the higher was the incidence of prostate cancer. Statistical significance was established for PSA and number of diagnostic tools with abnormal results (p ! 0.01). Though statistical significance was not demonstrated for the higher detection rate of prostate cancer with increasing age (p ! 0.01) and decreasing prostate volume, there was a clear increasing trend ( tables 2 and 4 ). With higher numbers of patients it is likely that statistical significance may be demonstrated for these parameters too. Similar observations were reported by Uzzo et al. [21] , who found a 38% incidence of prostate cancer in patients with prostate volume ! 50 g and a 23% incidence when the prostate volume was 1 50 g. This lower incidence may be due to sampling error when performing biopsy on larger glands. Prostatitis is more common in younger men and may be the cause of the frequently observed rise in PSA level in benign groups as previously reported [22, 23] , and this may be the factor responsible for the lower detection rate in younger age groups in our study ( table 2 ). In our study, a higher proportion of men with prostate cancer were 1 65 years of age (30/42; 71.4%), had a prostate volume ! 50 g (24 out of 42 patients) and showed abnormality in 2 or more of the diagnostic tools (28 out of 42 patients). Therefore, it appears that higher PSA and more abnormal diagnostic tools are associated with a higher risk of prostate cancer. However, we could not test previously described nomograms on our patients due to lack of adequate follow-up. Hence we recommend multicenter prospective studies, in order to test these nomograms.
Shortcomings of this study were that the number of biopsy cores was not standardized and many biopsies in the initial part of the study were extant as they were performed before we adopted a standard 12-core biopsy. Also the biopsies were not performed by one investigator. This is a problem of the retrospective nature of a study such as ours. The recent recommendation of increasing the number of biopsy cores and/or transperineal approach has generated a greater prostate cancer detection rate [24] . Whether this will lead to detection of insignificant cancers is being debated [25] . These aspects will have to be considered in future studies.
Conclusion
Our data showed that the prostate cancer rate differs according to the region and the rate was low in our center. A combination of age, DRE, prostate volume, PSA level and TRUS findings better defined the probability of a positive biopsy than any one factor alone. Our observations suggest that higher PSA level and higher number of diagnostic tools with abnormal findings were associated with a higher incidence of prostate cancer.
